Surfactants are widely used by food industry thus its discharge is an environmental concern; and development of Polydiacetylene (PDA)-based sensors may detect these molecules. However, to improve the sensor efficiency is necessary to understand interactions between PDA vesicles and surfactants. In this work, we purpose to investigate the interactions between surfactants and PDA vesicles as well as between surfactants and PDA + cholesterol (CHO) + sphingomyelin (SPH) vesicles dispersed in water. The addition of a cationic surfactant, hexadecyltrimethylammonium bromide (CTAB), induced a blue-tored spectrophotometric transition in both structures; however, the addition of the anionic compounds, sodium dodecyl sulfate (NaDS) and lithium dodecyl sulfate (LiDS) did not change the vesicle color. The addition of the cationic surfactant increased the hydrodynamic radium (R h ) of the PDA vesicles (from 39.82 ± 3 nm to 96.85 ± 3 nm) and the PDA/CHO/SHP vesicles (from 160.89 ± 3 nm to 219.84 ± 3 nm). The presence of NaDS and LiDS also increased the size of the PDA vesicles (to 43.50 ± 3 nm and 43.75 ± 3 nm, respectively) and the PDA/ CHO/SPH vesicles (to 201.91 ± 3 nm and 210.24 ± 3 nm, respectively). The interaction energies between the cationic surfactant and PDA and PDA/CHO/ SPH were different; however, both were entropically driven. PDA vesicles show potential to be used as sensors for cationic surfactants detection.
Introduction
Surfactants are widely applied to clean surfaces of equipment used in food industry [1] . In addition, it has been recognized that some surfactants, such as sodium dodecyl sulfate (SDS), improve microbial efficacy of antimicrobials, because they enhance the membrane penetration of other antimicrobials compounds present in formulations [2] . Thus, the extensive use of surfactants by food industry and also by other segments result in massive discharge of these molecules into the environment leading to an environmental concern [3] . Therefore, there is an increasing interest in developing simple, fast and low cost techniques to detect these molecules.
As is well known, polydiacetylene vesicle building by self-organized diacetylene monomers and then polymerized by UV light could be used as nanosensors due to its molecules undergo spectrophotometric transitions in J ournal of Food Chemistry & Nanotechnology response to different stimuli, such as temperature change [4] [5] [6] , pH [5, 7, 8] , mechanical stress [9, 10] , solvents [5, 11, 12] , and interaction with other molecules, such as surfactants [13] [14] [15] [16] [17] [18] [19] .
It is well recognized that PDA optical absorption occurs via π-π * electronic transitions within a linear π-conjugated polymer backbone, which has two spectroscopically distinct phases. The blue and red forms result from absorption peaks at approximately 650 and 540 nm, respectively [20, 21] . In order to optimize the PDA vesicle application as surfactant nanosensors is fundamental to know the driving force for vesicle-surfactant interaction. However, the mechanism of the colorimetric transition caused by the solute-vesicle molecular interaction is not fully understood.
In a previous study, we verified that the mechanism of the blue-to-red transitions depends on the vesicle-organic solvent interaction. As we demonstrated, the enthalpy changes associated with the PDA colorimetric transition are a result of conformational changes associated with the rotation of the functional group around the carbon-carbon bond present in polydiacetylene chains [12, 22] .
Amphiphilic molecules are able to induce PDA colorimetric transition. Su et al. [15] have evaluated the colorimetric response of PDA molecules in the presence of different surfactants; they proposed that the insertion of the CTAB alkyl chain into the hydrophobic domain perturbs the conformation of the conjugated polymer backbone and induces a color change in the polydiacetylene vesicles. In another work Su et al. [17] , the same authors investigated the influence of amphiphilic molecules on the colorimetric transition of PDA molecules that were incorporated into a phospholipid vesicle (Dimyristoyl phosphatidylcholine, DMPC). They found that an increase in DMPC content enhanced the surfactant's interaction with the mixed vesicles because DMPC promoted the insertion of surfactant hydrophobic chains into the membrane lipids. However, to the best of our knowledge, no experimental evidence of this surfactant insertion into the vesicle hydrophobic core has been reported. Apart from the efforts in developing new sensors for detecting molecules, such as surfactants, another important aspect is the knowledge about the detection mechanisms, because it certainly improves the sensor efficiency.
Thus, to contribute to understanding the mechanism of surfactant-vesicle interaction, and therefore optimizing the development of efficient sensors for cationic surfactants, we measured the enthalpies of the vesicle-surfactant interactions and correlated this energy with the spectrophotometric transitions of 10,12-pentacosadiynoic acid (PDA) and PDA + cholesterol (CHO)+sphingomyelin (SPH) vesicles induced by cationic (hexadecyltrimethylammonium bromide, CTAB) and anionic (sodium dodecyl sulfate, NaDS, and lithium dodecyl sulfate, LiDS) surfactants.
Experimental

Vesicle preparation
The PDA and PDA/CHO/SPH vesicles were prepared as described elsewhere [12, [23] [24] [25] . Briefly, to obtain PDA vesicles, the PDA monomer (10,12-pentacosadiynoic acid, 97% w/w, Sigma ® ) was dissolved in CHCl 3 (98% w/w, Sigma ® ), which was removed by a stream of N 2 gas to promote the formation of a PDA film on the glass surface. Deionized water was added until the PDA concentration reached 1 mM. The resulting suspension was sonicated (SoniTech, 300 W, 40 kHz) at 70 °C until a clear solution was obtained, which was immediately filtered using a 0.45 µm PVDF filter (Milipore ® ).
To produce PDA/CHO/SPH vesicles, PDA monomer was dissolved in 2 mL of dimethyl sulfoxide (99% w/w, Merck ® ), and CHO (99% w/w, Sigma ® ) and SPH (from chicken egg yolk, 98% w/w, Fluka ® ) were dissolved in 2 mL of CHCl 3 (98% w/w, Sigma ® ), which was removed by a stream of N 2 gas. The PDA was added to the CHO and SPH and maintained at 80 °C for 15 min. Deionized water was added until the PDA, CHO and SPH concentrations reached 1 mM. The resulting suspension was sonicated at 70 °C until a clear solution was obtained, which was immediately filtered using a 0.45 µm PVDF filter.
In order to correct the PDA concentration in both vesicles after filtration step, we performed an analytical curve from absorbance versus PDA concentration. To obtain this curve, vesicles were prepared with different PDA concentration and lyophilized. The ratio between the lyophilized mass and PDA molar mass provided the final PDA concentration in vesicles. Plotting absorbance versus PDA concentration, the molar absorption coefficient of PDA was determined and it was used to calculate PDA concentration in PDA/CHO/SPH vesicle. The final and real PDA concentrations in both systems were 0.084 and 0.087 mM for PDA and PDA/CHO/SPH vesicles, respectively.
Both vesicular suspensions were stored at 4 °C overnight to promote lipid and PDA crystallization. Photopolymerization of vesicles was achieved by exposure to UV radiation (254 nm) for 10 minutes, which resulted in blue-colored PDA vesicles.
Dynamic light scattering
The vesicle samples were diluted by a factor of 20 with deionized water, filtered through a 0.45 µm PVDF filter (Milipore ® ) and stored in hermetic vials. The size of the vesicles was determined using a Nanophox DLS in autocorrelation mode equipped with a 632.8 nm HeNe laser from Sympatec (Clausthal-Zellerfeld, Germany). The zeta potential of vesicles were measured at 25 °C , with a Zetasizer nano ZS90 (Malvern, UK). Each experiment was repeated 3 times, and each result was presented as the average of 10 measurements.
Colorimetric response (CR)
The effect of different surfactants on the PDA and PDA/CHO/SPH vesicles was analyzed by adding 42 µL of surfactant solution (CTAB, NaDS or LiDS) to 3.0 mL of the vesicle suspension in 3.0 µL intervals. The UV-visible spectra were measured between 400 and 700 nm (Shimadzu UV-2550) at 298 K. To quantify the extent of the PDA molecule blue-to-red color transition, the CR (%) was calculated using the equation proposed by Charych et al. [26] 
Where A is the absorbance of the blue (~ 650 nm) and red (~ 540 nm) bands measured by UV-visible spectroscopy. The terms "blue" and "red" refer to the appearance of the solutions, and the indices "b" and "a" represent the absorbance before and after exposure to the surfactant stimuli.
Isothermal titration calorimetry
A CSC model 4200 isothermal titration microcalorimeter (ITC) in titration mode was used for the analyses. The mixture vessel consisted of 1.82 mL stainless steel cells surrounded by a thermostatic bath. To measure the enthalpy change (∆H), 1.82 mL of the vesicular suspension was added to the sample and reference cells, which were agitated at 300 rpm. When thermal equilibrium was reached between the cells and the bath, 1 µL of each surfactant solution was titrated into the vesicle suspension in the sample cell at 120 minute intervals using a Hamilton micro-syringe. All measurements were performed in triplicate, and the standard deviation was approximately 0.5%.
The whole calorimetric procedure was chemically and electrically calibrated to the heat of protonation of (Tris(hydroxymethyl)aminomethane) and the joule effect, as recommended by Mageste et al. [27] . Figure 1 shows the electronic spectra of the PDA and the PDA/CHO/SPH vesicular suspensions at the same PDA concentration and in the blue structural form. Both suspensions exhibit a maximum absorption peak at 640 nm with a shoulder at 590 nm. These results indicate that even though CHO and SPH were incorporated into the vesicles, they did not affect the polymerization and the electronic transition, as Boullanger et al. [28] , Su et al. [15] and Sun et al. [29] have also observed. Lipid molecules form microdomains inside the PDA matrix; therefore, their incorporation does not affect the PDA electronic transition responsible for the blue color [30] .
Results and Discussion
The spectra also show that the presence of CHO and SPH molecules promoted the formation of vesicles with absorption intensity greater than nano-aggregates containing only PDA. Such behavior is related to higher polymerization yield of PDA into PDA/CHO/SPH vesicles compared with PDA vesicles.
Typical changes in the electronic spectra of PDA macromolecules after the addition of the cationic surfactant are shown in Figure ) into 3.0 mL of the 1.0 mM suspension of PDA vesicles, achieving 3.8 × 10 -5 mol.L -1 CTAB final concentration, the peak intensity at 640 nm became zero, and a new peak appeared at 540 nm. This behavior indicated that the concentration of PDA molecules with structure that absorbs at 640 nm decreased and the number of PDA molecules with conformation that absorb at 540 nm increased. However, when the aqueous solutions of anionic surfactants NaDS or LiDS were added to the vesicular suspension, no color transition was observed, suggesting no vesicle-anionic surfactant interaction. As the PDA vesicle surface are negatively charged (-20.10 ± 0.15 and -26.50 ± 0.43 mV, for PDA and PDA/CHO/SPH, respectively) due the carboxylic group ionization, probably the absence of vesicle-anionic surfactant interaction is due to an electrostatic repulsion contribution to dodecyl sulfate (DS)-PDA interaction. The more negative zeta potential observed for vesicles containing CHO and SPH is due to the higher stabilization of carboxylic groups of PDA promoted by PDA-CHO and/or PDA-SPH interactions. This result also suggest that both co-solutes are present on vesicle surface since a surface property (zeta potential) was changed.
The colorimetric response (CR) of the PDA and PDA/ CHO/SPH vesicles as a function of CTAB, NaDS or LiDS ).
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concentration are presented in Figures 3 and 4 , respectively. The CR value is a quantitative measurement of the percentage of blue PDA molecules converted into red PDA molecules [31] . The presence of the cationic amphiphilic molecules (CTAB) induced the spectrophotometric transition in both vesicle structures. The colorimetric response induced by CTAB was more pronounced in PDA vesicles than in PDA/CHO/ SPH nanostructures. Approximately four times more CTAB was required to promote the same CR (40%) in the PDA/ CHO/SPH system compared to PDA vesicle. This behavior is explained by vesicle rigidity caused due to interaction between CHO and SPH molecules [32] and between them and with PDA via hydrogen bonding [33] ; thus PDA/CHO/SPH were more thermodynamically stable structures [34] than pure PDA nanostructure.
Su et al. [15, 17] have also studied the interaction between amphiphilic molecules and polydiacetylene vesicles incorporated with Dimyristoyl phosphatidylcholine (DMPC) and found similar results. CTAB induced a blue-to-red transition with an 80% colorimetric response at 3.0 mmol.L -1 , whereas NaDS did not alter the polymeric conformation and therefore did not cause a color change even at concentrations greater than 2.0 mmol.L -1 .
Our results for both vesicular suspensions show that the addition of the anionic surfactants NaDS or LiDS did not cause a significant colorimetric response, which was less than 5% in both cases. The repulsive force between the anionic surfactants and the negatively charged vesicles promoted repulsive interactions, and the result is almost no response. The anionic molecules caused a slightly stronger response in the presence of the co-solutes CHO and SPH than in pure PDA vesicles, suggesting that the presence of the cosolute decreases the repulsive interactions between the surfactant molecules and the polydiacetylenic matrix.
We performed microcalorimetric measurements to investigate the driving forces and the energy of the vesiclesurfactant interaction with the intention to confirm the mechanism proposed in the literature for vesicle-surfactant interactions. The energy associated with the consecutive addition of 9.2 × 10 -10 mol of CTAB to 1.8 mL of an aqueous suspension of PDA or PDA/CHO/SPH was measured, and the results are presented in Figure 5 ). Figure 5 shows the molar enthalpy change (∆H obs ) as a function of the CTAB concentration. The ∆H obs was measured when amphiphilic molecules were added to a vesicle suspension or to pure water (dilution enthalpy).
After aliquots of 9.2 x 10 -10 mol of CTAB solution were added to 1.8 mL of pure water, the measured ∆H obs values resulted from the following molecular processes: i) the dilution (∆H dil ) and rupture (∆H rup ) of the micelles; ii) the formation of the solution cavities that hold CTAB molecules (∆H cav ); and iii) the solvation of CTAB molecules by water molecules (∆H hid ). The positive ∆H obs values indicate that more energy is absorbed by the first two processes than is released by the last one (Equation 2): ) is attributed to the hydrophobicity of the surfactant, which makes its interaction with water molecules enthalpically unfavorable compared with the water-water interactions. The addition of CTAB to PDA or PDA/CHO/SPH suspensions promotes the same process described by Equation 2 in addition to the change in enthalpy associated with the CTAB-vesicle interaction (∆H int ) (Equation 3):
When the same amount of CTAB was added to the PDA and the PDA/CHO/SPH suspensions, the change in the system enthalpy was dependent on the vesicles' composition, which demonstrated the effect of the co-solutes (CHO and SPH) on the vesicle-surfactant interaction. The enthalpy of the PDA suspension increased more than that of the water when the first aliquots of CTAB were titrated in the systems. However, the system enthalpy became lower compared to that of pure water when CTAB was added to the PDA/ CHO/SPH vesicles. Interestingly, the abrupt change in ∆H Obs occurred at range from 0 to 0.001 mmol.L -1 while the colorimetric transition occurred almost linear from 0 to 0.04 mmol.L -1 . The difference between ∆H Obs and CR parameters demonstrated that different mechanisms were associated with colorimetric transition and with the determination of energy involved in vesicle-surfactant interaction. The first interaction step is the electrostatic interaction between CTAB and PDA, which occurred between 0 and 0.001 mmol.L -1 . Because this interaction is more energetic, it was determined by microcalorimeter. However, above this concentration further addition of CTAB promoted its insertion inside vesicle, whose energy could not be determined by the equipment.
In our experiment, the amount of surfactant that interacted with the vesicle could not be determined, which precluded determination of the absolute enthalpy of interaction. Therefore, we determined a thermodynamic parameter called the apparent molar interaction enthalpy (∆H ap-int ), which was calculated by subtracting the energies involved in the process of CTAB addition to vesicles and to water (Equation 4):
……………..(4)
This parameter provides the apparent energy of the CTAB-vesicle interaction. Figure 6 shows ∆H ap-int as a function of the CTAB concentration in the PDA and PDA/ CHO/SPH suspensions.
The calorimetric data collected using a low surfactant concentration (1.03 × 10 -4 mmol.L -1 ) show that the PDA-CTAB interaction is entropically driven, whereas the PDA/ CHO/SPH interaction involves an enthalpic contribution. These results show that there is a higher hydrophobic contribution for the PDA-CTAB interaction than for PDA/ CHO/SPH interaction. The entropic contribution could be ascribed to two processes: i) the releasing of water molecules solvating the surfactant molecules and the hydrophilic surface of the vesicles, increasing the translational entropy of the system and ii) the conformational change associated with PDA molecules, which transform from a linear chain to a coil structure, increasing the conformational entropy of the vesicle [12] , and/or twist out of planarity during the colorimetric transition, but still largely linear.
On the other hand, in the case of PDA/CHO/SPH vesicle, microcalorimetric results suggest that there is a specific enthalpic interaction between CTAB and cholesterol or CTAB and sphingomyelin, decreasing the system free energy by both enthalpy reduction and entropy enhance. Probably, these CTAB-cholesterol and CTAB-sphingomyelin interactions should be the cause of the poor colorimetric transition observed in the PDA/CHO/SPH vesicle. ), the strong decrease in the absorbed energy, particularly for PDA vesicles, indicates that an cooperative thermodynamic process underlies the vesiclesurfactant interactions that is responsible for the energy release. Generally is thought that molecular conformation changes, such as side chain packaging, ordering and/or orientation changes, induce a stress in the polymer backbone, altering its π-π * electronic state, which modifies its absorption and emission of visible light [15] .
For PDA vesicles, the ∆H ap-int started at + 62 kJ mol -1 , which indicates an initial hydrophobic contribution to the formation of the CTAB-PDA complex. As more CTAB was added, the ∆H ap-int decreased and at a CTAB concentration of 0.005 mmol.l -1 , it remained constant at approximately zero, which indicated the end of the PDA-CTAB interactions. We consequently proposed that the difference between these both pathamar is the amount of energy associated with the colorimetric transition in the PDA vesicles induced by interaction with the CTAB molecules (∆H ves-trans = -62.2 kJ mol -1 ). This amount of energy is too high to be attributed only to conformational changes in the PDA chains, which suggests that other molecular processes, such as the insertion of the CTAB molecules inside of vesicle hydrophobic core, occur simultaneously. A possible mechanism is that cationic amphiphilic molecules adsorb at the vesicle surfaces, and the hydrophobic interactions result in reorientation of the surfactant molecules that inserted themselves into the hydrophobic domain of the vesicles. This CTAB insertion changes the PDA molecules' conformation, altering its backbone structure and consequently its π-π * electronic state causing the colorimetric transition from the blue form to the red form [16] .
The interaction between CTAB and PDA affects the dimensions of the nanostructures and causes the hydrodynamic radius (R h ) to increase by a factor of approximately 2.4. The R h of the PDA vesicles, measured by DLS, was initially 39.82 ± 3 nm and increased to 96.85 ± 3 nm after the surfactants addition (3.8 × 10 -5 mol.L 1 CTAB) and complete PDA conversion from blue to red structure. This size increase could be attributed to decreasing of polydiacetylenic backbone packaging caused by CTAB incorporation in hydrophobic core of PCDA aggregated.
The same profile of the ∆H ap-int vs.
[CTAB] curve obtained for the PDA-surfactant interactions was observed for the PDA/CHO/SPH vesicles. However, the change in enthalpy associated with the colorimetric transition in the PDA/CHO/ SPH vesicles was lower than that observed for the PDA transition (∆H ves-trans = -12.6 kJ mol -1 ). This result demonstrates the contribution of the cholesterol and sphingomyelin molecules to the vesicle stabilization increased, becoming less enthalpically favorable the blue-to-red transition.
As shown by the CR (%) vs.
[CTAB] curves (Figures 3  and 4) , a higher CR in the PDA vesicle than in the PDA/ CHO/SPH system can be achieved with a small amount of CTAB, which suggests that a more favorable interaction occurs between the CTAB and the PDA vesicles. The microcalorimetric results demonstrated that these strong PDA-CTAB interactions was entropically driven.
The weaker PDA/CHO/SPH-CTAB interaction caused a smaller change in the vesicle size. The R h of the PDA/CHO/ SPH vesicles was 160.89 ± 3 nm and 219.84 ± 3 nm before and after the addition of CTAB. These results support the hypothesis that the mechanism of the blue-to-red transition is different in the presence of the CHO and SPH co-solutes. Probably there was a decrease in CTAB incorporation in PDA/CHO/SPH vesicles, decreasing PDA unpackaging and consequently reducing the vesicle expansion. This difference is likely related to the formation of microdomains of CHO and SPH, which create regions with different molecular packing's enthalpically stabilized [35] .
As we have demonstrated previously, anionic surfactants induce a small colorimetric transition in PDA vesicles. We conducted microcalorimetric experiments on the mixture of vesicle suspensions and anionic surfactants aqueous solutions to measure the energy involved in the vesicle-NaDS and vesicle-LiDS interactions and to analyze the counterion (Na The mixtures of NaDS with pure water or vesicle aqueous suspensions were endothermic, and the ∆H obs value increased with the amount of surfactant added. The dependence of ∆H obs on the amount of NaDS added was almost coincident for the PDA vesicular suspension and pure water. A similar curve profile was observed for the titration of NaDS into PDA/CHO/SPH; however, the energy absorption was higher, which indicates that the CHO and SPH molecules influence the vesicle-NaDS interactions. Figure 8 illustrates ∆H ap-int as a function of the NaDS concentration, where ∆H ap-int is calculated by subtracting the observed enthalpies after NaDS addition into water from NaDS addition into PDA or PDA/CHO/SPH vesicle suspension.
The results in Figure 8 indicate that a molecular interaction occurs between the vesicles and NaDS, i.e., ∆H ap-int is not zero. However, because ∆H ap-int value were so small such an interaction is not sufficient to promote a spectrophotometric transition of the nanostructures. This finding contradicts the conclusion of Su et al. [15] , who attributed the absence of a colorimetric transition of PDA vesicles in the presence of anionic surfactants to the lack of an interaction between the chemical species. Both vesicular suspensions exhibited an increase in ∆H ap-int as the concentration of NaDS was increased. The ∆H ap-int varied from -0.5 to +0.5 kJ mol -1 for the interaction between NaDS and PDA and from +1.75 to +3.00 kJ mol -1 for the interaction between NaDS and PDA/CHO/ SPH, which indicates that the vesicle-NaDS interaction is predominantly enthalpically unfavorable. We determined the R h of the vesicles in the presence and absence of the surfactant. Without NaDS, the dimensions were 39.82 ± 3 nm for PDA and 160.89 ± 3 nm for PDA/CHO/SPH, and they increased to 43.50 ± 3 nm for PDA and 201.91 ± 3 nm for PDA/CHO/ SPH after the addition of 8.90 mmol.l -1 of surfactant. , which is 10 times higher than the LiDS c.m.c. Figure 9 presents the results obtained for the titration of aliquots of 8.6 × 10 -8 mol of LiDS into 1.8 mL of aqueous suspensions of PDA and PDA/CHO/SPH vesicles.
The results show that slightly more energy is released with the addition of LiDS into water and PDA vesicles compared with the addition of NaDS. In addition, it was possible to detect the effect of counterion since the titration of LiDS into pure PDA vesicles occurred with energy absorption while with NaDS there was energy release. However, the addition of LiDS to PDA/CHO/SPH absorbed almost the same energy as did the addition of NaDS, which indicates that the counterion plays an insignificant role in the interaction between the DS anion and the PDA/CHO/SPH aggregates. This small energetic difference between NaDS-vesicle and LiDS-vesicle interactions demonstrate that the main surfactant structure which interact with vesicle is the anion (CH 3 -(CH 2 ) 11 -SO 4 
2-
). Similar to NaDS, LiDS increased the size of the PDA and PDA/CHO/SPH vesicles by ∆R h =3.93 ± 0.3 nm and 49.35 ± 1.5 nm, respectively. The larger growth of the PDA/CHO/SPH vesicles compared with that of the PDA vesicles corroborates our hypothesis that the presence of the co-solutes CHO and SPH modifies the interaction between the self-assembled structures of PDA/CHO/SPH and the surfactants. The interaction with NaDS and LiDS may induce a change in the PDA-CHO and/or PDA-SPH interactions and result in an expansion of the PDA/CHO/ SPH vesicle.
The ∆H ap-int between LiDS and PDA and that between LiDS and PDA/CHO/SPH were obtained by subtracting the ∆H obs of the addition of surfactant to water from that of the addition of surfactant to the vesicles (Figure 10 ). For both vesicles, the transfer of the surfactant from the aqueous phase to the vesicle interior is enthalpically unfavorable because the interactions occur with energetic cost. As with the addition of NaDS, the addition of LiDS does not cause a colorimetric transition, which indicates that the interactions are not sufficiently strong to induce changes in the chain conformation of the polydiacetylenes.
Conclusions
The addition of a cationic surfactant (CTAB) induced a colorimetric transition in PDA and PDA/CHO/SPH vesicles; however, the presence of CHO and SPH molecules influenced the colorimetric transition mechanism.
The CTAB-vesicle interaction is entropically driven due to the release of solvation water molecules, which is possible mainly a result of CTAB insertion into the vesicle core. As indicated by the microcalorimetric results, the anionic surfactants interacted with the vesicles; however, the interaction was not sufficiently strong to change the chain conformation and cause a blue-to-red transition in either PDA or PDA/CHO/SPH vesicles.
The interaction between the anionic surfactants and the vesicles is mediated by the counterion, which likely reduces the electrostatic repulsion between the negative charges of the vesicles and the surfactant heads. Polydiacetylene vesicles show potential to be used in sensors to detect cationic surfactants.
